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Description 



, ♦HO honpfit Of U S orovisional application number 60/327.499 filed October 5, 
[00011 The present application claims the bene it °' Ui^^P^isiona pp 
2(X)1. which is incorporated herein by reference m rts entirety. 



BACKGROUND OF THE INVENTION 
, Field of the Invention 



/"PAfi<»"^ and Dhotoresist compositions that 
„ (00021 This Invention ««a.=slo -|e«pl.o»a^9W.».»^^^^ 

15 the like. 

2. Background 



20 



25 



30 



35 



40 



mages. After coating a photoresist on a substrate. coa 'ng .s expo^ photoresist coating. The photomask has areas 
oTaLating energy such as Ultraviolet light to f orm^^^^^^^ 

opaque and transparenttoactivating '°" p^^^ the resist coating. The use of photoresiste .s 

images of submicron dimension make-up of photoresist compositions to improve performance 

10005] various attempt have ^.^^^ ^t^^^^ compounds have been reported for use .n pho- 

of functional properties. Among other things a ^an^y o P Application 615163. 

toresist compositions. See. e.g.. ^ S- Patent 4^450 3M^^^ ^^^^ ^^^^^^ Such photoresists 

10006] More recently, certain "chemically ^^'''^'^^f "'SfcSnking events (In the case of a negative-acting 
may be negative-acting or positive-acting and rely P'^ J '"^^^^^^^ m other words. 

Tesit) or deprotection reactions (in the ^^^/^^.tp^^^^^^^^^^^^^ resists, certain catlonic photom^ 

the photogenerated acid acts <=^talyt.cally. In the case o pos^^^^^ J ^ photoresist binder, or cleavage 

itiators have been usedtoinducecleavageofcertainW^ ^3 p^^^^^ Nos. 5.075.199. 



resist coating layer. 
SUMI^ARY OF THE INVENTION 



45 



50 



55 



OUivuvimn I w. . . /PAGS^ 

paffleuiart,«heretl«s«mo,sullo.on,,™Mm^^^^^^^ 



2 



EP 1 308 781 A2 

ring structure, i.e. where two or more ring mennbers of a first ring that contains the sulfonium or sulfoxonlum atom form 
one or more additional cyclic linkages, e.g. to thereby provide a bicyclic sulfonium or sulfoxonium PAG or a tricyclic 
sulfonioum or sulfoxonium PAG. The additional cyclic linkages of the multicyclic compound may contain optionally 
substituted saturated cari3on atoms or unsaturated carbon atoms (e.g. a keto carbon (•C(=0)- or endocyclic carbon- 
5 carbon double bond), or may contain a hetero atom, particularly oxygen, sulfur or sulfinyl or sutfonyl. Such an additional 
cyclic linkage is suitably linked to adjacent carbon atoms of the ring containing the sulfonium or sulfoxonium atom, or 
more typically such an additional cyclic linkage is linked to non-adjacent carbon atoms of the ring containing the sul- 
fonium or sulfoxonium atom. 

[0011] Particulariy preferred multicyclic PAG compounds of the invention contain cyclic linkages that contain 5 or 6 
10 atoms as ring members, particulariy one or more cyclic linkages that contain 6 atoms as ring members. 

[0012] Preferred multicyclic sulfonium and sulfoxonium PAGs include those compounds where the sulfonium or sul- 
foxonium atom is further substituted by an aromatic group such as an optionally substituted cartocyclic aryl or optionally 
substituted heteroaromatic group e.g. an optionally substituted phenyl group, optionally substituted naphthyl group, 
optionally substituted anthracenyl. optionally substituted thienyl group, and other optionally substituted carbocyclic 
15 aryl, heteroaromatic and heteroalicyclic groups. 

[0013] Multicyclic PAGs of the invention potentially can exhibit enhanced storage stability (enhanced shelf life) rel- 
ative to single-ring PAG compounds. 

[0014] Preferred PAGs of the invention also may have one or more substituents to the alicyclic ring or other substituent 
of the sulfur (sulfonium or sulfoxonium) atom, e.g. a phenyl, naphthyl, acenaphthyl or other group that has one or more 
20 substituents. 

[001 5] Particulariy preferred substituents of such substituted PAGs include optionally substituted alkoxy groups such 
as optionally substituted Ci.i2all<oxy, more typically optionally substituted Ci.8alkoxy or ^alkoxy. Suitable moieties 
substituted onto an alkoxy group include e.g. halogen such as fluoro, cyano, nitro and the like. 
[0016] Especially preferred substituents of such substituted PAGs include optionally substituted photoacid-labile 
25 groups. 

[0017] Surprisingly, we have found that a sulfonium or sulfoxonium PAG of the invention that has a photoacid-labile 
group moiety linked thereto can impart enhanced adhesion of a photoresist containing the PAG to an underlying sub- 
strate, such as a microelectronic wafer substrate (e.g. silicon wafer). Such enhanced adhesion has been particularly 
exhibited with photoresists imaged with sub-200 nm radiation, "particularly 1 93 nm radiation. Preferred photoacid-labile 

30 groups include photoacid-lable esters such as t-butyl esters; acetyl groups such as provided by reaction of a vinyl 
ether, e.g. an ethyl vinyl ether^ and the like. Such photoacid-labile groups may be a substituent of the alicyclic moiety 
that includes the sulfur (sulfonium or sulfoxonium) moiety, or the photoacid-labile group may be a substituent of the 
further sulfur atom substituent such as a ring substituent or a phenyl, naphthyl or other moiety. Preferably, the photoacid- 
labile group is a ring substituent of such an aromatic moiety of the sulfur atom. Especially preferred photoacid-labile 

35 substituents of PAGs of the invention have the formula RO(C=0)(CH2)nO- where R is cyclic or acyclic C4.2oa'kyl and 
preferably is branched (particulariy tertiary carbon linked to oxygen) such as t-butyl, adamantyl, methyladamantyl, 
ethyladamantyl and the like; and n is an integer of 1 to 8. 

[0018] Preferably, PAGs of the invention are used in positive-acting or negative-acting chemically amplified photore- 
sists, i.e. negative-acting resist compositions which undergo a photoacid-promoted crosslinking reaction to render 

40 exposed regions of a coating layer of the resist less developer soluble than unexposed regions, and positive-acting 
resist compositions which undergo a photoacid-promoted deprotection reaction of acid labile groups of one or more 
composition components to render exposed regions of a coating layer of the resist more soluble In an aqueous devel- 
oper than unexposed regions. Ester groups that contain a tertiary non-cyclic alkyl carbon (e.g. t-butyl) or a tertiary 
alicyclic carbon (e.g. methyladamantyl) covalently linked to the carboxyl oxygen of the ester are generally preferred 

45 photoacid-labile groups of resins employed in photoresists of the invention. 

[0019] As discussed above, preferred imaging wavelengths of photoresists of the invention include sub-300 nm 
wavelengths e.g. 248 nm, and sub-200 nm wavelengths e.g. 193 nm and 157 nm. 

[0020] Particulariy preferred photoresists of the invention contain an imaging-effective amount of one or more cyclic 
sulfonium or sulfoxonium PAGs as disclosed herein and a resin that is selected from the group of: 

50 

1 ) a phenolic resin that contains acid-labile groups that can provide a chemically amplified positive resist particulariy 
suitable for imaging at 248 nm. Particulariy preferred resins of this class include: i) polymers that contain polym- 
erized units of a vinyl phenol and an alkyl acrylate, where the polymerized alkyl acrylate units can undergo a 
deblocking reaction in the presence of photoacid. Exemplary alkyl acrylates that can undergo a photoacld-induced 
55 deblocking reaction include e.g. t-butyl acrylate, t-butyl methacrylate, methyladamantyl acrylate, methyl adamantyl 

methacrylate, and other non-cyclic alkyl and alicyclic acrylates that can undergo a photoacid- induced reaction, 
such as polymers in U.S. Patents 6,042,997 and 5,492,793, incorporated herein by reference; ii) polymers that 
contain polymerized units of a vinyl phenol, an optionally substituted vinyl phenyl (e.g. styrene) that does not 



3 
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contain a hydroxy or carboxy ring substituent. and an alkyi acrylate such as those deblocking groups described 
with polymers i) above, such as polymers described in U.S. Patent 6,042,997, incorporated herein by reference; 
and III) polymers that contain repeat units that comprise an acetal or ketal moiety that will react with photoacid, 
and optionally aromatic repeat units such as phenyl or phenolic groups; such polymers have been described in U. 
5 S. Patents 5,929,176 and 6,090,526, incorporated herein by reference, as well as blends of i) and/or ii) and/or iii); 

2) a resin that is substantially or completely free of phenyl or other aromatic groups that can provide a chemically 
amplified positive resist particularly suitable for imaging at sub-200 nm wavelengths such as 193 nm. Particularly 
preferred resins of this class include: i) polymers that contain polymerized units of a non-aromatic cyclic olefin 
(endocyclic double bond) such as an optionally substituted norbornene, such as polymers described in U.S. Patents 

10 5,843,624, and 6,048,664, incorporated herein by reference; ii) polymers that contain alkyI acrylate units such as 

e.g. t-butyl acrylate, t-butyl methacrylate, methyladamantyl acrylate. methyl adamantyl methacrylate, and other 
non-cyclic alkyl and alicyclic acrylates; such polymers have been described in U.S. Patent 6,057,083; European 
Published Applications EP01 00891 3A1 and EP00930542A1 ; and U.S. pending Patent Application No. 09/143,462, 
all incorporated herein by reference, and iii) polymers that contain polymerized anhydride units, particulariy po- 
ts lymerized maleic anhydride and/or itaconic anhydride units, such as disclosed in European Published Application 
EP01 00891 3A1 and U.S. Patent 6,048,662, both incorporated herein by reference, as well as blends of i) and/or 
ii) and/or iii); 

3) a resin that contains repeat units that contain a hetero atom, particulariy oxygen and/or sulfur (but other than 
an anhydride. I.e. the unit does not contain a keto ring atom), and preferable are substantially or completely free 

20 of any aromatic units. Preferably, the heteroalicyclic unit is fused to the resin backbone, and further preferred is 

where the resin comprises a fused carbon alicyclic unit such as provided by polymerization of a norborene group 
and/or an anhydride unit such as provided by polymerization of a maleic anhydride or itaconic anhydride. Such 
resins are disclosed in PCT/US01/14914 and U.S. application number 09/567,634. 

4) a resin that contains fluorine substitution (fluoropolymer), e.g. as may be provided by polymerization of tetrafluor- 
25 oethylene, a fluorinated aromatic group such as fiuoro-styrene compound, compounds that comprise a hexafluor- 

oalcohol moiety, and the like. Examples of such resins are disclosed e.g. in PCT/US99/21 91 2. 

[0021] Resists of the Invention also may comprise a mixture of distinct PAGs, typically a mixture of 2 or 3 different 
PAGs, more typically a mixture that consists of a total of 2 distinct PAGs. At least one PAG of the mixture will be a 

30 cyclic sulfonium or sulfoxonium PAG of the invention. The other PAG(s) of the mixture also may be a cyclic sulfonium 
or sulfoxonium PAG of the invention, or may be another type of PAG, including another onium compound such as an 
iodonium or sulfonium compound, or other non-ionic compound, preferably without any aromatic content such as an 
imidosulfonate PAG compound, a diazodisuifone, a disulfone PAG, and the like. Photoresists that contain such PAG 
mixtures can exhibit even further enhanced lithographic performance. 

35 [0022] The invention also provide methods for forming relief images of the photoresists of the invention, including 
methods for forming highly resolved patterned photoresist images (e.g. a patterned line having essentially vertical 
sidewalls) of sub-quarter micron dimensions or less, such as sub-0.2 or sub-0.1 micron dimensions. 
[0023] The invention further provides articles of manufacture comprising substrates such as a microelectronic wafer 
or a flat panel display substrate having coated thereon the photoresists and relief images of the invention. 

40 [0024] The invention further comprises methods for synthesis of PAGs of the invention. 
[0025] The invention also contains specifically preferred photoresist compositions. 
[0026] Other aspects of the invention are disclosed infra. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[0027] As discussed above, we now provide cyclic sulfonium and sulfoxonium PAGs that are particularly useful for 
positive-acting chemically amplified resists, such as resists imaged at 248 nm, 193 nm or 157 nm, and other higher 
energy imaging sources such as EUV, X-ray and the like. 

[0028] Preferred PAGs of the invention include sulfonium PAGs of the following Formula I: 

50 



55 
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^0 

wherein R is a non-hydrogen substituent such as optionally substituted aikyi preferably having 1 to about 20 
carbon atoms; optionally substituted alkenyl preferably having 2 to about 20 carbon atoms; optionally substituted alkynyl 
preferably having 1 to about 20 carbon atoms; optionally substituted carbocyclic aryl such as optionally substituted 
15 phenyl particularly pentafluorophenyl and optionally substituted naphthyl and optionally substituted anthracenyl; op- 
tionally substituted heteroaromatic or heteroalicyclic particularly optionally substituted thienyl, 

or R is a linkage to another PAG moiety, particularly another cyclic sulfonium group, e.g. R is a chemical bond, 
an optionally substituted alkylene linkage suitably having 1 to about 12 carbon atoms, an optionally substituted aike- 
nylene linkage suitably having 2 to about 12 carbon atoms, an optionally substituted alkynylene linkage suitably having 
20 2 to about 12 carbon atoms, an optionally substituted heteroalkylene linkage suitably having 1 to about 12 carbon 
atoms, an optionally substituted heteroalkenylene linkage suitably having 2 to about 12 carbon atoms, an optionally 
substituted heteroalkynylene linkage suitably having 2 to about 12 carbon atoms, an optionally substituted carbocyclic 
aryl, an optionally substituted aralkyi, an optionally substituted heteroaromatic, an optionally substituted heteroaralkyl, 
and the like; 

25 Y and Z are each independently hydrogen or a non-hydrogen substituent such as those specified above for R; 

or two of Y and/or Z are taken together to form a fused ring (i.e. fused to the depicted cyclic sulfonium ring) that 
. may be a carbon alicyclic group, carbocyclic aryl, heteroalicyclic or heteroaromatic, and preferably is a carbon alicyclic 
or heteroalicyclic; 

. n is an.integer of from 3 to 8,"preferably 4 or 5; and ■ - - - ■ — - r 

30 X is a counter anion, — 

particularly an organic anion such as a sulfonate e.g. ofthe formula R'SOq where R' is suitably optionally substi- 
tuted alkyi, particularly perfluoroalkyt typically having 1 to about 12 carbon iatoms such as triflate and the like; carbocyclic 
aryl sulfonate such as pentafluorophenylsulfonate and a trifluoromethylbenzene sulfonate particularly 2-trifluoromethyl 
benzene sulfonate; a carbon alicyclic sulfonate such as camphorsulfonate and the like; 

35 or a carboxylate, e.g. groups of the formula R"COO- where R" is optionally substituted alkyI having 1 to about 

1 8 carbons or optionally substituted aryl such as phenyl and the like, preferred substituents of substituted carboxylate 
anions include halo, particularly fluoro; 

or a sulfonylimide, particularly alkyI sulfonylimides, especially halogenated alkylsulfonylimides such as fluoroalkyi 
sulfonylimides e.g. perfluoroalkyi sulfonylimides including perfluoroC^^alkyl sulfonylimides; 

40 or a sulfonylmethide, particularly alkyI sulfonylmethldes, especially halogenated alkylsulfonylmethides such as 

fluoroalkyi sulfonylmethldes e.g. perfluoroalkyi sulfonylmethldes including perfluoroC^^alkyl sulfonylmethldes. 
[0029] As mentioned above, generally preferred sulfonium PAGs of the invention contain a ring with 5 or 6 ring 
members inclusive of the sulfonium atom, such as compounds of the following Formulae lA and IB: 

45 



so 




lA 



55 
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10 



15 



20 




IB 



wherein in eacli of Formulae lA and IB: 



25 



30 



m is an integer of from 0 to 8. preferably 0.1. 2. 3 or 4, m a 
^0030, in t.e above Por.u.ae .. ,A ana .B. .ess P-'-d^-^^^^^^ 

K on alecompounds With R being carboxy^ an; Pf^'^^^^^^^^^^^^^ such as C,,ali.oxy or C,.a.koxy 

or phenyl or naphthyl having one or more ^^^^^^^^ compounds where a single sulfon,um nng cart,on 

such as methoxy, aryloxy such as phenoxy) nng ^"'^^^f^jj.^^^^^^^^ fn Formula 1 , for a single sulfur nng ca*on 
a?om has two alkyi substituents such as Ci^a^kyl ^^^^^^^^ ^^on atoms, two substituente are allqi^O- 
each of Y and Z is alkyI; and in Formulae lA or IB. compounds contains multiple sulfon.um 

100311 Alsopreferred are --"P'--'— ^^^^^ two sulfonium atoms (a b.s- 





35 (CYZ)„ 



'^R_®S (CYZ)„. 





II 



as defined for Y and Z in Formula 1 above, " ^^V^ delned for X in Formula I above, 
compounds of the following Fomiulae IIA and IIB: 

55 " ^ 
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wherein in each of Formulae II A and MB: 



R, each R** and X each are the same defined In Formula lA and IB above; 

each m is independently an integer of from 0 to 8, preferably 0, 1,2, 3, or 4; and each m' is independently an 
integer of from 0 to 10, preferably 0, 1 , 2, 3, 4 or 5. 

[0033] As discussed above, preferred PAGs of the invention also include sulfoxontum PAGs, such as compounds of 
the following Formula III: 




wherein R is a non-hydrogen substituent such as optionally substituted alky! preferably having 1 to about' 20" 
carbon atoms; optionally substituted alkenyl preferably having 2 to about 20 carbon atoms; optionally substituted alkynyl 
preferably having 1 to about 20 carbon atoms; optionally substituted carbocyciic aryi such as optionally substituted 
phenyl particularly pentafluorophenyl and optionally substituted naphthyl and optionally substituted anthracenyl; op- 
tionally substituted heteroaromatic or heteroalicyclic particularly optionally substituted thienyl, 

or R is a linkage to another PAG moiety, particularly another cyclic sulfoxonium group or a cyclic sulfonium group 
such as those of Formulae I, lA, IB or II above, e.g. R Is a chemical bond, an optionally substituted alkylene linkage 
suitably having 1 to about 12 carbon atoms, an optionally substituted alkenylene linkage suitably having 2 to about 12 
carbon atoms, an optionally substituted alkynylene linkage suitably having 2 to about 12 carbon atoms, an optionally 
substituted heteroalkytene linkage suitably having 1 to about 12 carbon atoms, an optionally substituted heteroalke- 
nylene linkage suitably having 2 to about 12 carbon atoms, an optionally substituted heteroalkynylene linkage suitably 
having 2 to about 12 carbon atoms, an optionally substituted carbocyciic aryl, an optionally substituted aratkyl, an 
optionally substituted heteroaromatic, an optionally substituted heteroaralkyi, and the like; 

Y and Z are each independently hydrogen or a non-hydrogen substituent such as those specified above for R; 

or two of Y and/or Z are taken together to form a fused ring (i.e. fused to the depicted cyclic sulfoxonium ring) 
that may be a carbon alicyclic group, carbocyciic aryl, heteroalicyclic or heteroaromatic, and preferably is a carbon 
alicyclic or heteroalicyclic; 

n is an integer of from 3 to 8, preferably 4 or 5; and 

X is a counter anion, 

particularly an organic anion such as a sulfonate e.g. of the formula R'SOs where R' is suitably optionally sub- 
stituted alkyi, particularly perfluoroalkyi typically having 1 to about 12 carbon atoms such as triflate and the like; car- 
bocyciic aryl sulfonate such as pentafluorophenylsulfonate and a trifluoromethylbenzene sulfonate particularly 2-trif- 
luormethyl benzene sulfonate; a carbon alicyclic sulfonate such as camphorsulfonate and the like; 

or a carboxyiate, e.g. groups of the formula R"COO- where R" is optionally substituted alkyI having 1 to about 
18 carbons or optionally substituted aryl such as phenyl and the like, preferred substituents of substituted carboxyiate 
anions include halo, particularly fluoro; 

or a sulfonylimide, particularly alkyI sulfonylimides, especially halogenated alkylsulf onylimides such as fluoroalkyi 
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SersTncTus^ve Of the sulfoxonium atom, such as compounds of the following Formulae IIIA and IIIB. 




20 



25 




IIIB 



30 

wherein in each of Formulae IIIA and IIIB: 
R and X are each the same defined In Formula III above; 

IV: 



45 



SO 




(CYZX, 




o 




(CYZ)„. 




IV 
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compounds of the following Formulae IVA and IVB: 



10 ^-^^ O O IVA 



15 



20 



25 




IVB 



30 wherein In each of Formulae IVA and IVB: 

R, each and X each are the same defined In Formula III above; - 

each m is independently an integer of from 0 to 8, preferably 0. 1, 2, 3, 4 or 5 4; and each m' Is independently an 
integer of from 0 to 10, preferably 0, 1, 2, 3, 4 or 5. 

35 

[0037] As discussed above, multicyclic compounds also are suitable, particularly PAQs having a sulfur (sulfonlum 
or sulfoxonium) atom that is a ring member of a multicyclic ring structure, i.e. where two or more ring members of a 
first ring that contains the sulfonium or sulfoxonium atom form one or more additional cyclic linkages. 
[0038] Particularly preferred multicyclic compound include compounds of Formulae I and III as those formulae are 
40 defined above, but where Y and Z groups on adjacent or non-ajacent ring atoms are taken together to form a further 
cyclic linkage. Such additional cyclic linkages will typically contain, in addition to the ring atoms of the sulfonium or 
sulfoxonium ring, 2 to 6 additional carbon or hetero (particularly O, S, S(0) or 8(0)2), ^^^^ typically 3. 4 or 5 atoms 
in addition to the ring atoms of the sulfonium or sulfoxonium ring. 

[0039] As discussed above, preferred PAGs of the invention include those that have further substitution by one or 
45 more alkoxy groups and/or one or more photoacid-labile groups such as a photoacid-labile ester or acetal moiety. 
[0040] Particulariy preferred PAQs include those of the following Formula V: 



50 
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wherein X, Y, Z and n are the same as defined in the above formulae, and preferably n is 4 or 5 (to provide a 5- 

or 6-membered ring); ^ . ... i. *• 

Ar is an aryl group, preferably a carbocycllc aryl such as phenyl, naphthyl or acenaphthyl. which may be optionally 

substituted by non-hydrogen substituents other than W such as a halogen (F. CI. Br or I), Cl-8alkyl, nitro. and the like; 
each W is an optionally substituted alkoxy or photoacid-labile ring substituent of the Ar group; 
and m is an integer of from 1 (single W group) to 5. and preferably m is an integer of 1 , 2 or 3 (total of 1 to 3 W 

ro041] Preferred alkoxy W groups of Formula V include optionally substituted Ci.8alkoxy, particularly ^alkoxy. 
Preferred photoacid-labile W groups of Formula V include photoacid-labile ester and acetal groups, includi ng photoacid- 
labile esters of the formula RO(C=0)(CH2)pO- where R is cyclic or acyclic C4.2oalkyl and preferably is branched (par- 
ticularly tertiary carbon linked to oxygen) such as t-butyl. adamantyl, methyladamantyl. ethyladamantyl and the like; 
and p is an integer of 1 to 8, and preferably p is 1 , 2, 3 or 4. . x ■ i 

[0042] Phenyl is a generally preferred Ar group of PAGs of Formula V above, such as PAGs of the following Formula 

VA: 




VA 



wherein In Formula VA, W X, Y, Z, m, and n are the same as defined in Formula V above, and preferably n ii 
or 5 (to provide a 5- or 6-membered ring). < *w * n c 

[0043] Such substituted sulfoxonium PAGs also are particularly preferred, such as compounds of the following F 

mula VI: 



(CYZ)„ '^Ar— (W)„ 

O 




VI 



wherein X, Y, Z and n are the same as defined In the above formuiae, and preferably n is 4 or 5 (to provide a 5- 

or 6-membered ring); . . . ^ »■ n.. 

Ar is an aryl group, preferably a carbocyclic aryl such as phenyl, naphthyl or acenaphthyl, which may be optionally 
substituted by non-hydrogen substituents other than W such as a halogen (F. CI, Br or I), Ci^alkyl, nitro, and the like; 

each W is an optionally substituted alkoxy or photoacid-labile ring substituent of the Ar group; 

and m is an integer of from 1 (single W group) to 5, and preferably m is an integer of 1. 2 or 3 (total of 1 to 3 W 

groups). 11/^ iir 

[0044] Preferred alkoxy W groups of Formula VI include optionally substituted Ci ^alkoxy, particularly Ci ^alkoxy. 
Preferred photoacid-labile W groups of Formula VI include photoacid-labile ester and acetal groups, including pho- 
toacid-labile esters of the fomiula RO(C=0)(CH2)pO- where R is cyclic or acyclic C4.2oalkyl and preferably is branched 
(particularly tertiary carbon linked to oxygen) such as t-butyl. adamantyl, methyladamantyl. ethyladamantyl and the 
like; and p is an integer of 1 to 8, and preferably p is 1 , 2. 3 or 4. oa/- ♦ 4k 

[0045] Phenyl is a generally preferred Ar group of sulfoxonium PAGs of Formula VI above, such as PAGs of the 
following Formula VIA: 
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10 




(CYZ)„ 



\^(W)„ 



VIA 



wherein in Formula VIA, W X, Y, Z, m, and n are the same as defined in Formula V above, and preferably n is 4 
or 5 (to provide a 5- or 6-membered ring). 
15 [0046] Specifically preferred PAGS for use in accordance with the invention include the following compounds 1^ 
through 22^ where 
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=\^(W), 
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22 




having 1 to about 20 carbon atoms more *yP'«=^ f "^^Taf^^^ each X is the same as defined above 
^Li^^toabout20carbo^atomsmoretyp.ca^J,1t^o^^^^^^^^ 

in Formula 1. On any single compound, typically at ^ay be optionally substituted. Substi- 

AS stated above, various f^/^J^^^ lA^.B. II. IIA, UB. Hi. I.IA. .IIB. IV.^VA 

tuted moieties (including substituted R. R , W. X, Y. ana ^ grouM oositions by, e.g., halogen such as F, CI Br 

Jtv VA. VI. and VIA) are suitably substituted at ^^^'^^l^l^^lreierrli, haloalkyi such as f.uoroalkyl 
and^or I. nitro. cyano, sulfono, alkyi mcluding Ci-i6 ^'^V^^'*^ J^^f i„«„^di„g c.^galkoxy having one or more 

(e.9. trifluoromethyl) and perhaloalkyl such as Pf^'"° "^f^^L 

brnrr^:"^^^^^^^^^ 
-.rc^or^sc^;^^^^^^^^ 

Asusedherein,theterma.ky..a.keny,and.k^^^^^^^^ 

groups, although of course cyclic groups w.ll about 3 or 4 unsaturated linkages. 

?f compounds of the invention have one or more uns^^^^^^^^^ g,^,p3, ^.though straight or 

Also, the terms alkenyl and alkynyl as "^tJ^^^^rS^^^^^^ °' PAG compounds of the invention have one 

branched noncyclic groups are genera V more pr^err^^^^^^ ^^.^^^^^ g^^,p3 ,3 one or mo e 

or more oxygen linkages, typically 1 to "J^J .^'^^^^^ carbocyclic aryl as used herein refers to non-hetero 

carbonyl groups, typically 1 to about 4 or f J^fJ^' ^^^^^^^^^^ is carbon ring members and may mcUide e 

aromatic groups that have 1 to 3 separate or fused rings "* , ^ naphthyl are often preferred. Suit- 

g Phenyl'napmhyl. bipheny.. acenaphthyl. J-^^^ rings 3 *^8 ^'^^ ""9 '"^ ' '° Tl 

able heteroaromatic or heteroaryl groups wH 

3heteroatoms(N.OorS). specifically surtable^^^^^ 

pyridyl, pyrazinyl, pyrimdinyl. furyl. pyrrolyl. th.enyl, thiazolyi. oxazoy 

PAGS of the invention can be readily P-pared by a "U-ber o^^^^^^^^^^^ ^^^^^^^ 

bdde^;:'ss^^~s"r^^^^^ 

formation of the sulfonium salt. presence of a metal catalyst, e.g. a Cu(\\) reagent 

[0053] A cyclic sulfur compound may be ^"'♦«'''yj_^^';^° " ' ^ ; tri-substituted sulfonium. I.e. a type of exchange 
Lch is copper benz^te. w'^^^- l^j^^^^^^^^^^^^^ form the sulfonium compound. The anion of the 

) reaction where the lodonmm moiety » s"^^!' "7^^^ . sulfonium compound. . . 

iodonium reagent also suitably is s'^^** ♦° ^^Jf^"^ be cyclized to provide an alicyclic sulfonium compound of 
100541 A di-substituted acyclic sulfur compound also °f^;^° ^ substituent with a suitable leaving group. 
he1Jlen«on. For instance, a disubstituted sulfur or a sulfonyl ester such as mesyl 

r.g. an alkyl moiety having a termina^a^on su s^^^^^^^^^^^ 3„„,„i„, salt may 

5 or tosyl can be cyclized e.g. m the presence of '"f y't^^'^'J^J^^j^e^t a silver acid salt. 

be suLly provided e.g. by an exchange contains two sulfonium atoms, such as com- 
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[0056] More particularly, in a first synthetic method of the invention, which provides a condensation-type reaction, I) 
a sulfoxide reagent, preferably alicyciic sulfoxide such as tetramethylenesulfoxide ((CH2)4>S(0)) and ii) a compound 
reactive with the sulfoxide such as an optionally substituted phenyl or naphthyl compound or other optionally substituted 
carbocyclic aryl, or optionally substituted heteroalicyclic or heteroaromatic compound such as optionally substituted 

5 thienyl, is reacted with phosphorus oxide under acidic conditions e.g. in the presence of an organic acid such as 
methansulfonic acid or triflic acid or the like or an inorganic acid such as HCI. Suitably the mixture is heated e.g. to 
about 40°C or greater such as about 50^C or 60*^0, with stirring and then quenched with an acidic aqueous solution 
to provide a cyclic sulfonium compound of the invention. The counter anion of the sulfonium compound suitably may 
be the same as the acid present in the acidic aqueous quench solution, or the formed salt may be treated with another 

10 acid to provide a distinct anion. See Examples 1 and 2 which follow for exemplary preferred reaction conditions and 
the following Scheme 1 . where n is suitably 3, 4, 5, 6 or 7, preferably 4 or 5: 



IS 



20 



Scheme 1 



0=S (CH2)n 



2) RSO3H 



(CH2)n 



. RSO3* 



25 [0057] In an iodonium transfer-type reaction, an iodonium compound, having the same or different substituents on 
the 1+ atom is reacted with a cyclic sulfur compound such as tetrahydrothiophene in the presence of a suitable catalyst 
e.g. a Cu(ll) compound such as copper benzoate. An inert solvent is typically employed, such as an aromatic solvent 
e.g. chlorobenzene or xylenes. The reaction is preferably run at elevated temperatures e.g. at least about 60°C, 70*^0, 
80**C, 90°C, 100**C or 110*C. The cation of the iodonium reagent also suitably is transferred in the reaction to the 
. 30 formed sulfonium compound. See Example 3 which follows for exemplary preferred reaction conditions and the fol- 
lowing Scheme 2, where n is suitably 3, 4, 5, 6 or 7, preferably 4 or 5: 




^5 [0058] As discussed above, in a cyctization reaction of the invention, a disubstituted thio reagent having at least one 
substituent with a leaving group is employed, particularly an alkyi group substituted with a leaving group, preferably at 
a temninal carbon of the alkyI chain. Suitable leaving groups include e.g. halogen such as I, Br or CI, or a sulfonyl ester 
e.g. a mesyl or tosyl group. The substituted thio compound then can undergo a cyclization reaction, e.g. by reaction 
with an alkylsilyl reagent such as trimethylsilyl reagent. The sulfonium salt may be suitably provided e.g. by an exchange 

50 reaction, such as by treatment with a silver acid salt. The following Scheme 3 exemplifies such a cyclization reaction, 
where n is suitably 3, 4, 5, 6 or 7, preferably 4 or 5: 



55 
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Scheme 3 



CHsONa 
CHPH 



10 



v-^ r'^'X-^S* (CH2)n+2 



NJ. 
Acetanitrile 



RSO»As ^y'S^S* (CH2)n+2 
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25 



30 



35 



e0059] A bis-type sulfonium compound a single com^ou^^^^^^^^^^ 

p^nds of Formulae II. HA and/or IB above) also ["^^ ^/^^^l*^^^^^^^^ thio subsiituents In employed as a 
same general manner as discussed above of a bis-sulfonium compound, 

starting reagent. See Example 4 which ♦°"°^J°;;X':2 by oxidation of the correspond- 

suitable oxidant. sulfonium and sulfoxonium PAGs as detailed above are 

^^^^^^■^^'^•^'^'^^'^^'^'^ 

cyclic sulfides, which can be prepared as described beiow. 

1 . Synthesis of 4,4-dimethylthiopyrane 

[0062] 



40 



45 



PBr3 




78% 



Nagasawa 



s'^ 
92% 
Total Yield: 65% 
etal., Chem, Pharm. Bull (1985), 33(11). 5048-52 



50 
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2. Synthesis of 4,4-dimethylthiopyrane 



[0063] 



5 





HO' 




TsQ- 



88% 



10 



NMP 



6 



44% 



15 



Total Yield: 39% 



Picard ct al.. Tetrahedron Lett. (1975), (32), 2731-2 



20 [0064] Various substituents of PAGs of the invention can be readily provided. For Instance, the starting reagent can 
Include such substituents, or the formed sulfonlum or sulfoxonium PAG can be reacted to provide the desired substit- 
uent. More particularly, a formed PAG having a phenol or other aryl hydroxy substituent of the sulfur (sulfonlum or 
sulfoxonium) atom can be reacted to provide a photoacid-labile substituent. e.g. a vinyl ether (to provide a photoacid- 
labile acetal) or chioroacetate such as t-butylchloroacetate (to provide a photoacid-labile ester) can be reacted with 

25 an aryl hydroxy moiety such as a phenol suityably under basic conditions to provide the photoacid-labile PAG substit- 
uent. 

[0065] As discussed above, PAGs of the invention are useful as the radiation sensitive component in photoresist 
compositions, including both positive-acting and negative-acting chemically amplified resist compositions. " 
[0066] The photoresists of the Invention typically comprise a resin binder and a photoactive component of the inven- 
30 Won as described above. Preferably the resin binder has functional groups that impart alkaline aqueous developability 
to the resist composition. For example, preferred are resin binders that comprise polar functional groups such as 
hydroxyl or carboxylate. Preferably the resin binder is used in a resist composition in an amount sufficient to render 
the resist developable with an aqueous alkaline solution. 

[0067] For imaging at wavelengths greater than 200 nm, such as 248 nm, phenolic resins are typically preferred. 

35 Preferred phenolic resins are poly (vinylphenols) which may be formed by block polymerization, emulsion polymeriza- 
tion or solution polymerization of the corresponding monomers in the presence of a catalyst. Vinylphenols useful for 
the production of polyvinyl phenol resins may be prepared, for example, by hydrolysis of commercially available cou- 
marin or substituted coumarin, followed by decarboxylation of the resulting hydroxy cinnamic acids. Useful vinylphenols 
may also be prepared by dehydration of the corresponding hydroxy alky I phenols or by decarboxylation of hydroxy 

40 cinnamic acids resulting from the reaction of substituted or nonsubstltuted hydroxybenzaldehydes with malonic acid. 
Preferred polyvinylphenol resins prepared from such vinylphenols have a molecular weight range of from about 2,000 
to about 60,000 daltons. 

[0068] Copolymers containing phenol and nonaromatic cyclic alcohol units also are preferred resin binders for resists 
of the invention and may be suitably prepared by partial hydrogenation of a novolak or poly(vinylphenol) resin. Such 
45 copolymers and the use thereof in photoresist compositions are disclosed in U.S. Patent No. 5,128,232 to Thackeray 



[0069] Additional suitable resins include those formed from bishydroxy methylated compounds, and block novolak 
resins. See U.S. Patents Nos. 5,1 30.41 0 and 5, 1 28,230 where such resins and use of same in photoresist compositions 
is disclosed. Additionally, two or more resin binders of similar or different compositions can be blended or combined 

so together to give additive control of lithographic properties of a photoresist composition. For instance, blends of resins 
can be used to adjust photospeed and thermal properties and to control dissolution behavior of a resist In a developer. 
[0070] Preferably, a photoacid generator compound of the invention is employed in a chemically amplified positive- 
acting resist. A number of such resist compositions have been described, e.g., in U.S. Patents Nos. 4.968,581; 
4,883,740; 4,81 0,61 3 and 4,491 ,628 and Canadian Patent Application 2,001 ,384, all of which are incorporated herein 

55 by reference for their teaching of making and using chemically amplified positive-acting resists. In accordance with the 
present invention, those prior resist compositions are modified by substitution of the photoactive component of the 
Invention as the radiation sensitive component. 

[0071] For imaging at wavelengths greater than 200 nm, such as 248 nm, a particularly preferred chemically amplified 



etal. 
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photoresist of the invention comprises in admixture a photoactive component of the invention and a resin binder that 
comprises a copolymer containing both phenolic and non-phenolic units. For example, one preferred group of such 
copolymers has acid labile groups substantially, essentially or completely only on non-phenolic units of the copolymer, 
particularly alkylacrylate photoacld-lablle groups, I.e. a phenollc-alkyi acrylate copolymer. One especially preferred 
5 copolymer binder has repeating units x and y of the following formula: 



wherein the hydroxyl group be present at either the ortho, meta or para positions throughout the copolymer, and 
R' is substituted or unsubstituted alkyi having 1 to about 18 carbon atoms, more typically 1 to about 6 to 8 carbon 
atoms. Terf-butyl is a generally preferred R' group. An R' group may be optionally substituted by e.g. one or more 
halogen (particularly F, CI or Br). C^ealkoxy, Cg-ealkenyl, etc. The units x and y may be regularly alternating in the 

25 copolymer, or may be randomly interspersed through the polymer. Such copolymers can be readily formed. For exam- 
ple, for resins of the above formula, vinyl phenols and a substituted or unsubstituted alkyI acrylate such as f-buty lac ry late 
and the like may be condensed under free radical conditions as known in the art. The substituted ester moiety, i.e. R'- 
0-C(=0)-, moiety of the acrylate units serves as the acid labile groups of the resin and will undergo photoacid induced- 
cleavage upon exposure of a coating layer of a photoresist containing the resin. Preferably the copolymer will have a 

30 My^, of from about 8,000 to about 50,000, more preferably about 15.000 to about 30,000 with a molecular weight dis- 
tribution of about 3 or less, more preferably a molecular weight distribution of about 2 or less. Non-phenolic resins, e. 
g. a copolymer of an alkyI acrylate such as f-butylacrylate or t-butylmethacrylate and a vinyl alicyclic such as a vinyl 
norbornanyl or vinyl cyclohexanol compound, also may be used as a resin binder in compositions of the invention. 
Such copolymers also may be prepared by such free radical polymerization or other known procedures and suitably 

35 will have a of from about 8,000 to about 50,000, and a molecular weight distribution of about 3 or less. 

[0072] Other preferred resins that have acid-labile deblocking groups for use in a positive-acting chemically-amplified 
photoresist of the invention have been disclosed in European Patent Application 0829766A2 of the Shipley Company 
(resins with acetal and ketal resins) and European Patent Application EP0783136A2 of the Shipley Company (terpol- 
ymers and other copolymers including units of 1) styrene; 2) hydroxystyrene; and 3) acid labile groups, particularly 

40 alkyl acrylate acid labile groups such as t-butylacrylate or t-butylmethacrylate). In general, resins having a variety of 
acid labile groups will be suitable, such as acid sensitive esters, carbonates, ethers, imides, etc. The photoacid labile 
groups will more typically be pendant from a polymer backbone, although resins that have acid labile groups that are 
integral to the polymer backbone also may be employed. 

[0073] PAGs of the invention (which Includes PAGs of Formulae I. lA, IB. II. IIA. IIB. til, IIIA. IIIB, IV. IVA, IVB, V, VA, 
45 VI, and VIA as defined above) also are preferably used with polymers that contain one or more photoacid-lablle groups 
and that are substantially, essentially or completely free of phenyl or other aromatic groups. Such photoresist compo- 
sitions are particularly useful for imaging with sub-200 nm radiation such as 193 nm radiation. 
[0074] For example, preferred polymers contain less than about 5 mole percent aromatic groups, more preferably 
less than about 1 or 2 mole percent aromatic groups, more preferably less than about 0.1, 0.02, 0.04 and 0.08 mole 
50 percent aromatic groups and still more preferably less than about 0.01 mole percent aromatic groups. Particularly 
preferred polymers are completely free of aromatic groups. Aromatic groups can be highly absorbing of sub-200 nm 
radiation and thus are undesirable for polymers used in photoresists imaged with such short wavelength radiation. 
[0075] Suitable polymers that are substantially or completely free of aromatic groups and may be formulated with a 
PAG of the invention to provide a photoresist for sub-200 nm imaging are disclosed in European application 
55 EP930542A1 of the Shipley Company. 

[0076] Suitable polymers that are substantially or completely free of aromatic groups suitably contain acrylate units 
such as photoacid-labile acrylate units as may be provided by polymerization of methyladamanatylacrylate, methyla- 
damantylmethacrylate, ethylfenchylacrylate, ethylfenchylmethacrylate. and the like; fused non-aromatic alicyclic 
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groups such as may be provided by polymerization of a norbomene compound or other adcyclic compound having an 
endocyclic carfoon-carbon double bond; an anhydride such as may be provided by polymerization of maleic anhydride 
and/or itaconic anhydride; and the like. 

[0077] Preferred negative-acting compositions of the invention comprise a mixture of materials that will cure, crosslink 

5 or harden upon exposure to acid, and a photoactive component of the invention. 

[0078] Particulariy preferred negative acting compositions comprise a resin binder such as a phenolic resin, a 
crosslinker component and a photoactive component of the Invention. Such compositions and the use thereof has 
been disclosed in European Patent Applications 01 64248 and 0232972 and in U.S. Patent No. 5,1 28,232 to Thackeray 
et al. Preferred phenolic resins for use as the resin binder component include novotaks and poly(vinylphenol)s such 

10 as those discussed above. Preferred crosslinkers include amine-based materials, including melamine, glycolurils, ben- 
zoguanamine-based materials and urea-based materials. Melamine-formaldehyde resins are generally most preferred. 
Such crosslinkers are commercially available, e.g. the melamine resins sold by American Cyanamid under the trade 
names Cymel 300, 301 and 303. Glycoluril resins are sold by American Cyanamid under trade names Cymel 1170, 
1171 , 1172, urea-based resins are sold under the trade names of Beetle 60, 65 and 80, and benzoguanamine resins 

IS are sold under the trade names Cymel 1 1 23 and 1 1 25. 

[0079] Photoresists of the invention also may contain other materials. For example, other optional additives include 
actinic and contrast dyes, anti-striation agents, plasticizers, speed enhancers, sensitizers (e.g. for use of a PAG of the 
Invention at longer wavelengths such as 1-line (i.e. 365 nm) or G-line wavelengths), etc. Such optional additives typically 
will be present in minor concentration in a photoresist composition except for fillers and dyes which may be present In 

20 relatively large concentrations such as, e.g. , in amounts of from 5 to 30 percent by weight of the total weight of a reslst's 
dry components. 

[0080] A preferred optional additive of resists of the invention is an added base, e.g. a caprolactam, which can 
enhance resolution of a developed resist relief image. The added base is suitably used in relatively small amounts, e. 
g. about 1 to 1 0 percent by weight relative to the PAG, more typically 1 to about 5 weight percent. Other suitable basic 
,25 additives include ammonium sulfonate salts such as piperldinium p-toluenesulfonate and dicyclohexylammonium p- 
toluenesulfonate; alkyi amines such as tripropylamine and dodecylamine; aryl amines such as diphenylamine, triphe- 
nylamine, aminophenol, 2-(4-aminophenol)-2-(4-hydroxyphenyl)propane, etc. 

[0081] The resin binder component of resists of the invention are typically used in an amount sufficient to render an 
exposed coating layer of the resist developable such as with an aqueous alkaline solutionr More particulariy, a resin 
.30 binder will suitably comprise 50 to about 90 weight percent of total solids of the resist. The photoactive component 
should be present in an amount sufficient to enable generation of a latent image in a coating layer of the resist. More 
specifically, the photoactive component will suitably be present in an amount of from about 1 to 40 weight percent of 
total solids of a resist. Typically, lesser amounts of the photoactive component v^ll be suitable for chemically amplified 
resists. 

35 [0082] The photoresists of the invention are generally prepared following known procedures with the exception that 
a PAG of the invention is substituted for prior photoactive compounds used in the formulation of such photoresists. For 
example, a resist of the Invention can be prepared as a coating composition by dissolving the components of the 
photoresist in a suitable solvent such as, e.g., a glycol ether such as 2-methoxyethyl ether (diglyme). ethylene glycol 
monomethyl ether, propylene glycol monomethyl ether; propylene glycol monomethyl ether acetate; lactates such as 

40 ethyl lactate or methyl lactate, with ethyl lactate being preferred; propionates, particularly methyl propionate, ethyl 
propionate and ethyl ethoxy propionate; a Cellosolve ester such as methyl Cellosolve acetate; an aromatic hydrocarbon 
such toluene or xylene; or a ketone such as methylethyl ketone, cyclohexanone and 2-heptanone. Typically the solids 
content of the photoresist varies between 5 and 35 percent by weight of the total weight of the photoresist composition. 
Blends of the such solvents also are suitable. 

45 [0083] A particulariy preferred photoresist of the invention contains the following components: 



1 ) a resin component that contains fused cyclic units with a hetero ring member particulariy oxygen (but other than 
an anhydride) such as may be provided by polymerized of a dihydropyran, preferably with one or more other repeat 
units particulariy where one of the units contains a photoacid labile group units and preferably one of the units is 

50 an acrylate, especially a tetrapolymer of polymerized units of methyladamantylmethacrylate, maleic anhydride, 

norbornene; and 3,4-dihydro-2H-pyran, particulariy a tetrapolymer containing, based on total polymer units, 40 
mole percent of polymerized methyladamantylmethacrylate units, 30 mole percent of polymerized maleic anhy- 
dride, 1 0 mole percent of polymerized norbornene; and 20 mole percent of polymerized 3.4-dihydro-2/+pyran units; 

2) a cyclic sulfonium PAG without phenyl substitution particulariy para-tert-butylphenyl cyclotetramethylenesulfo- 
55 nium ((CH2)4>S+C6H4C(CH3)3) with a suitable counter anion such as perflorobutanesulfonate; 

3) optionally, but preferably included, an added base particulariy caprolactam; 

4) optionally, but preferably included, a surfactant such as a fluorinated surfactant sold under the tradename of 
R08 by Dai Nippon Ink; 
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solvent. 

. ^00S4, Murt.erpreterre.p.otoresistoH.e.nventioncont.nst.eM^^^^^ ^ ^^^^^ 

1)aresincomponentthatcontainsfused cyclic units withah^^^^^^^^^ 

an anhySrU such as may be provided by P^'^-^"^^,^^^^^^ and preferably or,e ot the units .s 

units particularly where one of the units ^'^^^^^^^^ r.aleic anhydnde 

an acrylate, especially a tetrapolymer of l^'r®"^^^rl„lmer containing, based on total polymer units 40 
noromene and 3.4-dihydro-2H-pyran. P^'^f "'^^^ ^^^^^^^^ percent of polymerized maleic anhy- 

mole percent of polymerized niethyladamantylmethacnjate un,^^^^^ 

jrispeciailypreferredresinforusei™^^ 
SL rLn units) polymerized memyladam^^^^^^^ 

r:s:er:s?ff"^sr--s~^^^ 

The oWoreslsB ol the Irvenlion can be wed '"f*°™"°r!T , .jaJ^„i, as e llquW coaling oo>hposi«Oh. 
rrJn«",b.ap^ieda,.<l.,.l«..h.,»^^^^^^^ 

*ed W healing to remove solvent p»le,abl, unW ^^"3 . 'hanceeolubillty <»«e«nees Mtwe«. W<»^ 
;SS^'^rS.a.e.»h,cha,es.t..ne,^«;.«^^^ 

Zy ..so b. er^c«l. P«e|< <^'«^' waging. Indudlhg •"'""J'""^ ""J' 

':^'^^^^^^^-TZ:.t'X:«^ ^essplhnl„,.«ng„,o« 

rao891 A liquid coating resist composition may be f PP''f f ^ ^"J. as dry film resists, particulariy for pnnted 
coTng Photoresists ofthe Invention also may be ^^r^^^J^^^e^^^^^^^ 

cS board manufacture applications. The ^'^"^^^^"^f^^e^^^ge in the resist coating layer. Suitable exposure 
^mponent of the radiation sensitive systemtoprodtweapatt^^^^^^^^ 

enTrates typically range from about 1 to 300 "^J'^'"'" ° s^ita^ 

Xao" m such as 248 nm. and sub-200 nm ^^^^^i^^^^^oTo MO^^ acid'hardening negative-acting resjsJN 
. areater more specifically from about bo lo i v/. ,* ^ no to 1 50*C for several minutes 

s» 1 1™» 10 l5<ther cire the »« i™9e "™""'°"*"tfr^W, processed, w example ohertcally «*.»g 

r£Trrnfr;sfer«t'cC« 

55 are illustrative of the invention. 
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Example 1: Synthesis Using Phosphorous Pentoxide - Methanesulfonic Acid Condensation Method; synthesis of 
2.3.4-trimethoxyphenyitetramethyienesulfoniunf> triflate. 

[0091] To a suspension of phosphorus oxide (6.0g, 0.021 mol) and methanesulfonic acid (60.0g, 0.62mol), 1,2.3-tri- 
methoxybenzene (1 7.2g, 0.10 mol) and tetramethylenesulfoxide (10.9g, O.IOmol) were added and reacted with stirring 
at 50°C for 3 hours. After the reaction, the reaction mixture was poured into H2O (400ml), triflic acid (15.0g, O.IOmol) 
was added dropwise at 5*C and the reaction mixture stirred at room temperature overnight. Then, the aqueous mixture 
was washed with ether/hexane (1 OOml/1 00ml) and extracted with three 200ml portions of dichloromethane. The organic 
layer was washed with 1% aqueous ammonia (2 x 100ml) then HgO (3 x 100ml), and concentrated in vacuo. The 
residue was crystallized with hexane and recrystallized from ethanol/ /-butylmethylether to give 30.0g (73%) of 
2,3,4-trimethoxyphenyltetramethylenesulfonium triflate as a white powder. 

[0092] Using appropriate reagents, the following compounds were prepared in the same manner as described im- 
mediately above for the synthesis of 2,3,4-trimethoxyphenyltetramethylene sulfonium triflate in this Example 1: 

2,3,4-trimethoxyphenylpentamethylenesulfonium triflate; 
4-methoxyphenyltetramethylene-sulfonium triflate; and 
4-methoxyphenylpentamethylenesulfonium triflate. 

Example 2: Synthesis of 2,3,4-trimethoxyphenyltetramethylenesuifonium perfluoro-1-octanesulfonate. 

[0093] To a suspension of phosphorus oxide (6.0g, 0.021 mol) and methanesulfonic acid (60.0g, 0.62mol), 1 ,2,3-tri- 
methoxybenzene (17.2g, O.IOmol) and tetramethylenesulfoxide (10.9g, O.IOmol) were added and reacted with stirring 
at 50°C for 3 hours. After the reaction, the reaction mixture was poured Into H2O (400ml) and perfluoro-1-octanesulfonic 
acid (50.0g, O.IOmol) was added at S^'C. The sulfonium salt was precipitated, filtered and dissolved in dichloromethane 
(600ml). The organic layer was washed with 1%-aqueous ammonia (2 x-IOOml), then H2O (3x 100ml), and concentraitied 
in vacuo. The residue was crystallized from hexane to give 51 .1 g (67%) of 2,3,4-trimethoxyphenyttetramethylenesul- 
fonium perfluoro-1-octanesulfonate as a white powder. 

[0094] Using appropriate reagents, the following compounds were compounds were prepared as described Imme-' 
diately above for 2,3,4-trimethoxyphenyltetramethylene sulfonium peffluoro-1-octanesu(fonate*in this Example'2T 

2.3,4-trimethoxyphenylpentamethylenesulfonium perfluoro-l-octanesulfonate; - 

4-methoxyphenyl-tetramethylenesulfonium perfluoro-1-octanesulfonate; and " " *" 

4-methoxyphenylpentamethylene-sulfonium perfluoro-l-octanesulfonate. 

Example 3: Synthesis Using S-phenylation via iodonium salt method; synthesis of A-t- 
butylphenyltetramethytenesulfonium triflate 

[0095] To a mixture of bls-(4-t-butylphenyl)iodonlum triflate (20.0g, 37mmoI) and tetrahydothlophene (3.3g, 37mmol) 
in chlorobenzene (30ml), copper (II) benzoate (0.3g, O.QSmmol) was added as catalyst and reacted with stirring at 
120°C for 3 hours. After cooling, the sulfonium salt was precipitated, washed with ether (200ml), filtered and then 
dissolved in dichloromethane (300ml). The organic layer was washed with 1 % aqueous ammonia (3 x 50ml) then H2O 
(3 X 50ml), and concentrated in vacuo. The residual solid was purified with (-butylmethylether to give 9.5g (69%) of 
4-t-butylphenyltetramethylenesulfonlum triflate as a white powder. 

[0096] Using appropriate reagents, the following compounds were prepared in the same manners as described im- 
mediately above for 4-t-butylphenyltetramethytene sulfonium triflate in this Example 3: 

4-t-Butyiphenyltetramethylenesulfonlum perfluoro-l-butanesulfonate; 
4-t-butylphenyl-tetramethylenesulfonium perfluoro-1-octanesulfonate; 
4-t-butylphenyltetramethylenesulfonium trifluoromethanesulfonimide; 
4-t-butylphenylpentamethylenesulfonlum perfluoro-1-butanesulfonate; 
4't-butylphenylpentamethytenesulfonium perfluoro-l-octanesulfonate; and 
4-t-butylphenyl-pentamethylenesulfonium trifluoromethanesulfonimide. 

Example 4: Synthesis of Bis-Cyclic Sulfonium PAGs via Double Cyclization Method; preparation of phenyl 
1 ,4-di-(pentamethylenesulfonium perfluoro-l-butanesulfonate) 

[0097] To a solution of 1 ,4-dlbenzenethiol [1 .89g (1 3.3mmol)] in methanol (1 0ml), 25wt% sodium methoxide in meth- 
anol [5.74g (26.6mmol)] was added and stirred for 10 minutes at room temperature. 5-Chloro-1-pentanol [5.1 4g 
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(39 9mmol)] was then added dropwise to the solution. After 3 hours at reflux. 1 0ml of water was added and the solvent 
was evaporated The residue was extracted with dichloromethane (150ml) and the solvent was evaporated. The re- 
sulting white solid was recrystallized from acetonitrile and dried to give phenyl 1 ,4-di-(5-hydroxypentyl)sulfide in 3.26g 
(78%) Sodium iodide [3.42g (22.8mmol)] was added to 120ml of acetonitrile sdution of the phenyl 1,4-di-(5-hydrox- 
ypentyl)sulfide, followed by dropwise addition of chlorotrimethylsilane [2.48g (22.8mmol)]. and then refluxing the mix- 
ture for 15 hours. After cooling to room temperature, a few drops of aqueous 10wt% ammonium chlcnde were added, 
followed by dichloromethane extraction. The organic layer was sequentially washed with aqueous 20wt% sodium thi- 
osulfate and saturated ammonium chloride, dried, and evaporated to give phenyl 1 ,4-di-(5-iodopentyl)sulf ide in 9.1 8g 



[0098] Silver perfluoro-l-butanesulfonate [14.77g (36.28mmol)l was added to 500ml of acetonitrile solution of the 
phenyl 1 4-di-(5-iodopentyl)sulf ide and the resulting mixture stirred for 1 8 hours at room temperature. After stirnng, the 
precipitate (silver iodide) was filtered out and the filtrate was concentrated. The residue was dissolved in 500ml of 
ethanol and filtered, and then the filtrate was evaporated. The obtained solids were washed with ether, aqueous am- 
monia and water, and then recrystallized from mixture of ethanol and ether to give pure phenyl 1 .4-di-(pentamethyle- 
nesulfonium perfluoro-1-butanesulfonate) (8.30g, 55%). 

Example 5: Resist preparation and lithographic processing. 

[0099] Resist formulations were prepared by dissolving polymers, poly[4-hydroxystyrene/styrene/2-methyl-2-ada- 
mantane methacrylate], (11 to 13 wt % based on total solids) in a mixture of ethyl lactate and propylene-glycol meth- 
ylether acetate, with photoacid generator compounds as specified below (5 to 7 wt. % vs. polymer weight), base ad- 
ditives (0.2 to 0.5 wt% vs. polymer weight) and surfactant (0.05-0.10 wt% vs. total solids). The resist solutions were 
filtered through 0.2 |im Teflon membrane filters prior to use. tu • ♦ 

[01 00] Three separate photoresists (designated as Resists A, B and C respectively) were prepared. Those resists 
differed only in the type (but not the amount) of the photoacid generator component. Resist A contained 4-t-butylphe- 
nylcyclotetramethylenesulfonium (Compound 1 above). Resist B contained 4-t-butylphenylcyclopentamethylenesulfo- 
nium (Compound 2 above) PAG. Resist C (comparative) contained triphenylsulfonium PAG. For each of the Resists 
A B and C the PAGs were present with a mixture of anions of Inflate and perfluoroctanesulfonate, i.e. Resist A con- 
tained a mi'xture of 4-t-butylphenylcyclotetramethylenesulfonium triflate and 4-t-butylphenylcyclotetramethylenesulfo- 
nium perfluorooctanesulfonate, etc. 

[01011 Resist solutions were spin-coated over an organic anti-reflective coating on 8 inch silicon wafers to provide 
approximately 4150 A thick resist coating layers. The resist layers were softbaked at 130°C for 60 seconds, exposed 
to 248 nm radiation using 0.63 NA, annular illumination. The exposed resist later was then baked at ISO'C for 90 
seconds and developed with an aqueous alkaline developer for 30 seconds. 

[01 02] Resists A and B exhibited enhanced resist prerfile and process window relative to comparative Resist C. 
[0103] The foregoing description of the invention is merely illustrative thereof, and it is understood that vanations 
and modifications can be effected without departing from the spirit or scope of the invention as set forth in the following 
claims. 

Claims 

1 . A photoresist composition comprising a resin and a photoacid generator compound of the following Fomiula I: 




(CYZ)„ 




Wherein R is a non-hydrogen substituent or R is a linkage to another photoacid generator moiety; 
Y and Z are each independently hydrogen or a non-hydrogen substituents; 
or two of Y and/or Z are taken together to form a fused ring; 
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n is an integer of from 3 to 8; and X Is a counter anion, 

with the exclusion of Y and Z both being C^^alkyl on the same ring carbon. 

A photoresist composition comprising a resin and a photoacid generator compound of the following Formula I: 



wherein R is a non-hydrogen substituent or R is a linl<age to another photoacid generator moiety; 
Y and Z are each independently hydrogen or a non-hydrogen substltuents; 
or two of Y and/or Z are taken together to form a fused ring; 
n Is an Integer of from 3 to 8; and X Is a counter anion, 

with the exclusion of R, when being other than a linkage to another photoacid generator nioiety, being un- 
substituted phenyl, phenyl substituted by hydroxy or alkoxy, unsubstituted naphthyl, or naphthyt substituted by . 
hydroxy or alkoxy. 

A photoresist composition of claim 1 or 2 wherein the photoacid generator compound is of the following Formula lA: 



wherein R is a non-hydrogen substituent or a linkage to another photoacid generator moiety; 

R' is a non-hydrogen substltuents; 

m IS an Integer of from 0 to 8; and X Is a counter anion. 

A photoresist composition of claim 1 or 2 wherein the photoacid generator compound Is of the following Formula IB: 




I 





lA 





IB 



wherein R is a non-hydrogen substituent or a linkage to another photoacid generator moiety; 
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R- is a non-hydrogen substituents; 
m- is an integer of from 0 to 1 0; and X Is a counter an.on. 



.photoresist composition ofciaimlv^erein the photoacid generator compos 




(CYZ)^ 



'^R_®S (CYZV 






II 



wherein R is a chemical bond or a linker; non-hvdrogen substituent; 

. p«,o„.. o„.^ - ' -^-^ ' • ^ " " 

Formula HA: 



(R')„ 

IIA 



^e»,nB,,aoh=«c«bo.<.o,a«nK.r.««R'.>^.=.».o,<»«,«non-»,d™^««^.«*-^ 
IS M^S-U, an W«^r o, .r«n 0 lo 8; and X is . counta, amon. 

.pn«„«.c»^«.C^P'^".a^nan»apn«.^...-a.o,oo™.o.n.o,.na«^n,— B: 



IIB 



wherelnRisachemica. bond oralinKeneachRi is the sarjeor different non-M^^^^ 

is indeTendently an integer of from 0 to 8; and X is a counter an.on. 

rcmorisina a resin and a photoacid generator compound of the following Fomiula III: 
8. A photoresist composition compnsing a resin ano a k 
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5 




111 



wherein R is a non-hydrogen substituent or R is a linl<age to another photoacid generator moiety; Y and Z 
are each independently hydrogen or a non-hydrogen substituents, or two of Y and/or Z are taken together to form 
a fused ring; n is an integer of from 3 to 8; and X is a counter anion. 

15 

9. A photoresist composition of claim 8 wherein the photoacid generator compound is of the following Formula IIIA 

20 A 



25 




IIIA 



wherein R is a chemical bond or a linl<er; each R^ is the same or different non-hydrogen substituent; m is an 
30 integer of from 0 to 8; and X is a counter anion. 

10. A photoresist composition of claim 8 wherein the photoacid generator compound is of the following Formula IIIB: 



40 




IIIB 



wherein R is a chemical bond or a linker; each R^ is the same or different non-hydrogen substituent; m' Is 
an integer of from 0 to 8; and X is a counter anion. 

so 11. A photoresist composition of claim 8 wherein the photoacid generator compound is of the following Formula IV: 
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20 



25 







IV 

10 

r„SJid=n«y a 1*9. ol 1«« 3 lo 8; and X is a ar«n. 
" ,^ApWo»s«co.p<»«-o.c«.v.l*-»>«epho.oae»9«»™»l.».».'°''^^^ 



(CYZ)^ ^— Ar (W)„ 




30 



35 



40 



45 



50 



W ?rXX o, p.o,oac».,a* su>».a«n, „. « A„«H.p. and m „ an 

integer of from 1 to 5. 

(CYZ)n ^Ar— (W)^ 

O 

VI 




55 integer of from 1 to 5. 

•,„>„rd.in„ 2 3 4 8 9o.lowne,«nRisop»ona.,suKtttutBd«l<lll,op«ona]lysuW.Med 
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15. A photoresist composition of claim 5. 6. 7 or 11 wherein R is a chemical bond, optionally substituted alkylene, or 
optionally substituted carbocyclic aryl. 

1 6. A photoresist composition of any one of claims 1 , 2, 5, 8, 1 1 . 1 2 or 1 3 wherein each Y and each 2 are independently 
s optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicy- 

clic. 

17. A photoresist composition of any one of claims 1, 2, 5, 8. 11. 12 or 13 wherein two Y and Z groups are taken 
together to form a ring fused to the sulfonlum or sulfoxonium ring. 

10 

18. A photoresist composition of claim 17 wherein the fused ring is an optionally substituted carbon alicyclic ring, 
optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicy- 
die. 

15 19. A photoresist composition of claim 17 or 18 wherein the two groups taken together are substituents of adjacent 
carbon atoms of the sulfonlum or sulfoxonium ring. 

20. A photoresist composition of claim 17 or 18 wherein the two R^ groups taken together are substituents of non- 
adjacent carbon atoms of the sulfonlum or sulfoxonium ring. 

20 

21 . A photoresist composition of any one of claims 3, 4, 6, 7, 9 or 1 0 wherein one or more R^ groups are optionally 
substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicyclic. 

22. A photoresist composition of any one of claims 3, 4, 6, 7, 9 or 1 0 wherein two R^ groups are taken together to form 
25 a ring fused to the sulfonlum or sulfoxonium ring. 

23. A photoresist composition of claim 22 wherein the fused ring is an optionally substituted carbon alicyclic ring, 
optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicy- 

.clic. - - v - - . . • - . 

30 

24. A photoresist composition of claim 22 or 23 wherein the two R^ groups taken together are substituents of adjacent 
carbon atoms of the sulfonlum or sulfoxonium ring. 

25. A photoresist composition of claim 22 or 23 wherein the two R^ groups taken together are substituents of non- 
35 adjacent carbon atoms of the sulfonlum or sulfoxonium ring. 

26. A photoresist composition comprising a resin and a multicyclic sutfonium photoacid generator compound. 

27. The photoresist of claim 26 wherein the sulfonlum compound is a bicyclic compound. 

40 

28. The photoresist of claim 26 wherein the sulfonium compound is a tricyclic compound. 

29. The photoresist of any one of claims 26 through 28 wherein the sulfonium atom is a ring member of a five-atom ring. 
45 30. The photoresist of any one of claims 26 through 28 wherein the sulfonium atom is a ring member of a six-atom ring. 

31. A photoresist composition comprising a resin and a multicyclic sulfoxonium photoacid generator compound. 

32. The photoresist of claim 31 wherein the sulfoxonium compound is a bicyclic compound. 

50 

33. The photoresist of claim 31 wherein the sulfoxonium compound is a tricyclic compound. 

34. The photoresist of any one of claims 31 through 33 wherein the sulfoxonium atom is a ring member of a five-atom 
ring. 

55 

35. The photoresist of any one of claims 31 through 34 wherein the sulfoxonium atom is a ring member of a six-atom 
ring. 
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36. The photoresist composition of any one of clalnns 1 through 35 wherein the composition is a chemically-amplified 
positive-acting photoresist. 

37. The photoresist composition of claim 36 wherein the resin comprises a polymer that contains phenolic and pho- 
toacid-labile alkyi acrylate units. 

38. The photoresist composition of claim 36 wherein the resin comprises a polymer that contains 1) phenolic units, 2) 
phenyl units, and 3) photoacid-labile alkyI acrylate units. 

39. The photoresist composition of claim 36 wherein the resin comprises acetal or ketal groups. 

40. The photoresist composition of claim 36 wherein the photoresist is essentially free of polymers containing aromatic 
units. 

41. The photoresist composition of any one of claims 36 through 40 wherein the photoresist comprises a polymer that 
comprises polymerized alicyclic olefin groups. 

42. The photoresist composition of claim 41 wherein the photoresist comprises a polymer that comprises polymerized 
optionally substituted norbomene units. 

43. The photoresist of any one of claims 36 through 42 wherein the photoresist comprises a polymer that comprises 
polymerized alkyI acrylate groups. 

44. The photoresist composition of any one of claims 1 through 35 wherein the composition is a negative-acting pho- 
toresist. 

45. The photoresist composition of any one of claims 1 through 35 wherein the photoresist comprise a resin having 
fluorine substitution. 

46. A method for forming a photoresist relief image on a substrate comprising: 

(a) applying a coating layer of a photoresist composition of any one of claims 1 through 45 on a substrate; and 

(b) exposing the photoresist coating layer to patterned activating radiation and developing the exposed pho- 
toresist layer to provide a relief image. 

47. The method of claim 46 wherein the photoresist coating layer is exposed to radiation having a wavelength of less 
than about 300 nm. 

48. The method of claim 46 wherein the photoresist coating layer is exposed to radiation having a wavelength of about 
248 nm. 

49. The method of claim 46 wherein the photoresist coating layer is exposed to radiation having a wavelength of less 
than about 200 nm. 

50. The method of claim 46 wherein the photoresist coating layer is exposed to radiation having a wavelength of about 
193 nm or 157 nm. 

51. An article of manufacture having on at least one surface a coating layer of the photoresist composition of any one 
of claims 1 through 45 

52. The article of claim 51 wherein the photoresist composition is coated on a microelectronic wafer substrate, flat 
panel display substrate or a printed circuit board substrate. 

53. A photoacid generator compound of the following Formula I: 
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5 




wherein R is a non-hydrogen substituent or R is a linkage to another photoacid generator moiety; 
Y and Z are each independently hydrogen or a non-hydrogen substituents; 
or two of Y and/or Z are taken together to form a fused ring; 
15 n is an integer of from 3 to 8; and X is a counter anion, 

with the exclusion of Y and Z both being C^^alkyl on the same ring carbon. 

54. A photoacid generator compound of the following Formula I: 

20 



25 




I 



30 

wherein R is a non-hydrogen substituent or R is a linkage to another photoacid generator moiety; 
Y and Z are each independently hydrogen or a non-hydrogen substituents; 
or two of Y and/or Z are taken together to form a fused ring; 
n is an integer of from 3 to 8; and X is a counter anion, 
35 with the exclusion of R, when being other than a linkage to another photoacid generator moiety, being un- 

substituted phenyl, phenyl substituted by hydroxy or alkoxy, unsubstituted naphthyl, or naphthyl substituted by 
hydroxy or alkoxy. 

55. A photoacid generator compound of claim 53 or 54 wherein the photoacid generator compound is of the following 
40 Formula lA: 



45 



50 




lA 



wherein R is a non-hydrogen substituent or a linkage to another photoacid generator moiety; 
R^ is a non-hydrogen substituents, with the exclusion of two R^ groups both being present as C^^alkyl on 
55 the same ring carbon; 

m is an integer of from 0 to 8; and X is a counter anion. 

56. A photoacid generator compound of claim 53 or 54 wherein the photoacid generator compound is of the following 
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Formula IB: 



10 



25 



30 



35 




IB 



45 



50 



li: 




(CYZ)n 






II 



wherein R is a chemical bond or a linker; non-hydrogen substituenf. 



Formula IIA: 



IIA 



a, IS WepTdOTly »n « !'»■" 0 lo K ««1 X » a coulter an»n. 

Formula MB: 
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IIB 



wherein R is a chemical bond or a linker; each is the same or different non-hydrogen substituent; each 
m' Is independently an integer of from 0 to 10; and X is a counter anion. 

60. A photoacid generator compound of the following Formula III: 




III 



wherein R is a non-hydrogen substituent or R is a linkage to another photoacid generator moiety; Y and Z 
are each independently hydrogen or a non-hydrogen substituents, or two of Y and/or Z are taken together to form 
a fused ring; n is an integer of from 3 to 8; and X Is a counter anion. 

61 . A photoacid generator compound of claim 60 wherein the photoacid generator compound is of the following For- 
mula IIIA 




IIIA 



wherein R is a chemical bond or a linker; each R^ is the same or different non-hydrogen substituent; m is an 
integer of from 0 to 8; and X is a counter anion. 

62. A photoacid generator compound of claim 60 wherein the photoacid generator compound is of the following For- 
mula IIIB: 
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^ R 




IIIB 



wherein R Is a chemical bond or a linker; each Ri is the same or different non-hydrogen substituent; m' is 
an integer of from 0 to 8; and X is a counter anion. 

63. A photoresist composition of claim 60 wherein the photoacid generator compound is of the following Formula IV: 




IV 



wherein R is a linkage to another photoacid generator moiety; Y and Z are each independently hydrogen or 
a non-hydrogen substituents, or two of Y and/or Z are taken together to form a fused ring; n and n' are each 
independently a linkage of from 3 to 8; and X is a counter anion. 

64. A photoacid generator is of the following Formula V: 




V 



wherein Y and Z are each independently hydrogen or a non-hydrogen substituents, or two of Y and/or Z are 
taken together to form a fused ring; n and n' are each independently a linkage of from 3 to 8; 
Ar is an optionally substituted aryl group, 

each W is an optionally substituted alkoxy or photoacid-labile ring substituent of the Ar group; and m is an 
integer of from 1 to 5. 

65. A photoacid generator is of the following Fomiula VI: 
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10 




(CYZ)„ ^Ar— (W)„ 




VI 



wherein Y and Z are each independently hydrogen or a non-hydrogen substituents, or two of Y and/or Z are 
taken together to form a fused ring; n and n' are each independently a linkage of from 3 to 8; 

Ar is an optionally substituted aryl group, 
75 each W Is an optionally substituted alkoxy or photoacid-lablle ring substltuent of the Ar group; and m Is an 

integer of from 1 to 5. 

66. A photoresist composition of claim 53, 54, 55 or 57 wherein R is optionally substituted alkyi, optionally substituted 
carbocycltc aryl, optionally substituted heteroaromatic, or optionally substituted heteroallcycllc. 

20 

67. A photoresist composition of claim 53, 54, 55 or 57 wherein R is a chemical bond, optionally sut>stituted alkylene, 
or optionally substituted carbocyclic aryl. 

68. A photoresist composition of any one of claims 53, 54, 57, 60, 61 , 64 or 65 wherein each Y and each Z are 
25 independently optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted 

heteroallcycllc. 

69. A photoresist composition of any one of claims 53, 54,-57, 60, 61 , 64 or 65 wherein two Y and Z groups are taken 
together to form a ring fused to the sulfonium or sulfoxonium ring.- - - 

30 ' ' 

70. A photoresist composition of claim 69 wherein the fused ring Is an optionally substituted carbon alicyclic ring, 
optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicy- 
clic. 

35 71 . A photoresist composition of claim 69 or 70 wherein the two R^ groups taken together are substituents of adjacent 
carbon atoms of the sulfonium or sulfoxonium ring. 

72. A photoresist composition of claim 69 or 70 wherein the two R^ groups taken together are substituents of non- 
adjacent carbon atoms of the sulfonium or sulfoxonium ring. 

40 

73. A photoresist composition of any one of claims 55, 56, 58, 59; 61 or 62 wherein one or more R^ groups are optionally 
substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroallcycllc. 

74. A photoresist composition of any one of claims 55, 56, 58, 59, 61 or 62 wherein two R^ groups are taken together 
^5 to form a ring fused to the sulfonium or sulfoxonium ring. 

75. A photoresist composition of claim 74 wherein the fused ring is an optionally substituted carbon alicyclic ring, 
optionally substituted carbocyclic aryl, optionally substituted heteroaromatic or optionally substituted heteroalicy- 
die. 

so 

76. A photoresist composition of claim 74 or 75 wherein the two R^ groups taken together are substituents of adjacent 
carbon atoms of the sulfonium or sulfoxonium ring. 

77. A photoresist composition of claim 74 or 75 wherein the two R^ groups taken together are substituents of non- 
55 adjacent cartoon atoms of the sulfonium or sulfoxonium ring. 

78. A multicyclic sulfonium photoacid generator compound. 
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79. The sulfonium compound of claim 78 where the sulfonium compound is a btcydic compound. 

80. The sulfonium compound of claim 78 wherein the sulfonium compound is a tricyclic compound. 

81 . The sulfonium compound of claim of any one of claims 78 through 80 wherein the sulfonium atom is a ring member 

of a five-atom ring. 

82. The sulfonium compound of any one of claims 78 through 80 wherein the sulfonium atom is a ring member of a 
six-atom ring. 

83. A multicycHc sulfoxonium photoacid generator compound. 

84. The sulfoxonium compound of claim 83 wherein the sulfoxonium compound is a bicyclic compound, 

85. The sulfoxonium compound of claim 83 wherein the sulfoxonium compound is a tricyclic compound. 

86. The sulfoxonium compound of any one of claims 83 through 85 wherein the sulfoxonium atom is a ring member 
of a five-atom ring. 

87. The sulfoxonium compound of any one of claims 83 through 85 wherein the sulfoxonium atom is a ring member 
of a six-atom ring. 
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